leum hydrocarbon are required to hold the wings against the body and prevent emergence.
FLIT i\fLO is a reasonably fast-acting agent whose efficacy is high over a wide temperature range. In general, it becomes more effective with increasing water temperatures.
Since all of the regular laboratory evaluations of this material have been based on a water temperature of 70-75°F, it is likely that FLIT MLO may have even greater effectiveness against larvae and pupae in the field during the summer months, particularly ag'ainst those species commonly found in shallow water where temperatures frequently reach 900}'.
'Vhereas the use of various organic phosphate and other insecticides has been limited because of problems of toxicity to mammals, fish, and wildlife, and because or resistance, FLIT MLO does not possess these inherent characteristics.
In the 1st instance, it is essentially non-toxic as compared with the other chemical control agents (Scala 1968° vVith respect to insecticide resistance, there is no published or unpublished evidence of which we are aware, that would indicate that the continuous usc of petroleum hydrocarbons against mosquito larvae has induced resistance. Although Jayewickreme (1950) reported resistance in AnoPheles subpictus Grassi to a mineral oil larvicide, it is clear that his findings were erroneously attributed to the development of resistance.
The fact that heavy selection pressure with petroleum hydrocarbons for more than 2 years in our own laboratory has failed to produce any evidence of lowered susceptibility, supports the apparent lack of strong resistance-inducing properties. 
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ABSTRACT
Monthly samples of rice stem borers were taken from quality of the rice crop rather than on the small variathe 11J6!i-li6 wet-and dry-season rice crops from 5 major tions in climate found among the rice-growing regions on rice-growing regions on Luzon Island, Philippines. The the island. From transplanting to harvest, T. incet·tlllas samples showed that, of the 5 species of lepidopterous was the dominalll species in the rice fields in all 5 regions, rice stem borers previously recorded from the island, comprising about 70% of the borer population. In the TI)'pol")'za incertulas (Walker) and the Asiatic rice stubble after harvest the other 3 borers, especially Chilo borer, Chilo Sllppressalis (Walker). were the most abun· sllp/Jl"essalis, increased considerably in numbers while T. dant. S'.wlJlin illfel"ens (Walker) and Chilotmea polyilicerlllias declined. However, there are areas like the cllrySll (Meyrick) were relatively rare, while T. innotata farms of The International Rice Research Institute and (Walker) was not encountered at all. The borers atthe College of Agriculture, University of the Philippines, tacked the crop when it was very young and reached at Los Ballas, Laguna, where the former is more abundant their peak just before or immediately after harvest. Theil' than the latter. overall abundance seemed to depend on the age and Rice is the 1110Stimportant single crop in the Philippines.
It is the main crop on almost 48% of the farms and is planted on approximately 42% of the cultivated area of the country (Huke 1963) . However, production has failed to meet the needs of a rapidly increasing' population.
One The mode of infestation of all of these borers is similar. The moths lay their eggs on the leaves or, as in the case of S. inferens, between the leaf sheath and the stalk. The newly hatched larvae bore their way into the stems and kill the growing part of the plant. ''''hen the rice plant is in its vegetative stage, such damag'e results in a condition called "dead heart," Later, when the panicles have been formed, such damage shows up as "white heads," a condition in which the panicles contain no grain.
On the IRRI farm the seasonal fluctuations in the abundance of these borers have been carefully recorded (International Rice Research Institute 1962 , 1963 , 1966 .
Chilo suppressalis is the most abundan t species, followed by T. incerlulas and S. inferens. Chilotmea polychrysa has been reported, but the population is very low. Studies on the prevalence of these species of borers in the country as a whole have been conducted by Cendaiia and Calora (1963', 1967 • METHODs.-Except where irrigation facilities exist, the rice cropping seasons in the Philippines depend on the relative lengths of the rainy and dry periods. On the island of Luzon the western side receives heavy summer monsoonal rainfall, but the rest of the year is relatively dry. This condition limits the growth of the rice crop to the rainy season, especially in areas where the dry spell is longer than 3 months. Toward the eastern side of the island, the wettest months are in winter, but the dry spell is either very short or nonexistent.
In some of these areas rice can be grown most of the year.
To obtain a comprehensive picture of the distribution and abundance of borers on the island, 5 regions were selected for study (Huke 1963) (Fig. I ). These regions are fairly well separated physically and differ in the relative lengths of the rainy and dry seasons.
Region A in the northern part of Luzon comprises the Cagayan River Valley. Total annual rainfall tends to be less than 80 in. and is mostly concentrated in November and December. June and July are the driest months.
In this region all sampling was carried out in the province of Isabela.
Region B is a narrow valley lying in southwestern Nueva Vizcaya. In this area the wettest months are October and November and the driest are July and August. The total annual rainfall ranges from 70 to 90 in.
Region C comprises the Central Luzon Plain and is the most extensive rice-growing area in the country. The climate is strictly monsoonal.
Annual rainfall varies from 80 in. in the eastern half to 20 in. in the western belt. Most of it is concentrated in June, July, and August. January, February, and March are sometimes extremely dry.
Region D, an area bordering the Laguna de Bay, receives heavy monsoonal rain. The wettest months are June, July, and August. The dry season is usually not longer than the 3 months of February, March, and April. Annual rainfall varies from 80 to 120 in. Some of the most fertile rice-growing soils are found in this area.
The composite Region E, comprising the Bicol peninsula, is the 5th distinct major rice-growing area on the island. Total annual rainfall varies from 50 in. on the western to more than 140 in. on the eastern side. July and August are usually the wettest months and April and Mary are the driest.
The sample sites were chose to be as representative as possible of the respective regions, and were situated in continuous areas of rice growing extending over many hectares. Each sample consisted of 25 infested plants or "hills" ("hill" is a standard term representing a single rice plant with 12-30 tillers).
The number of hills that had to be examined to collect the 25 infested hills was recorded.
This procedure gave an estimate of the percentage of hills infested in the field, In preliminary studies it was found that collecting sample hills at random had several disadvantag'es. First, collection of uninfested hills from a field is wasteful, hence, undesirable; second, the borers dissected from sample hills were needed in another study in which the prevalence of their natural enemies was being investigated.
Consequently, the more borers that could be collected the better. It was soon found that a random sample of hills had to be enormous to yield an adequate number of borers. Dissecting only the infested hills made possible the collection of a large number of borers and resulted in considera Lie savings, both in time and labor.
The sample hills were dissected in the laboratory and a record was kept of the total number of stems or "tillers," the number of tillers showing damag'e by the borers, and the numbers of various species found. The identification of the various species was made from the larvae as well as pupae and moths that were obtained from them in the laboratory.
A record of the age distribution of the various species was also kept.
This was done by arbitrarily recording the borers under the 3 categories of small, young, and large.
To measure borer abundance, the tiller, rather than the hill, was chosen as the sample unit, because the number of tillers is a better estimate of the plant population per unit area than the number of hills.
RESULTS.-A bundance of the Borel's.- Table I shows the sampling results for the 2 cropping seasons. The borers were found to attack the crop early. In the wet season, samples taken 30 days after they were transplanted never failed to yield borers. Samples taken 60 days after they were transplanted indicated a slight decline in infestation. From then on the numbers of borers in the crop increased steadily.
The infestation in Isabela was generally very low. It increased greatly in the month before harvest and was at its peak just after harvest (6.46 borers/! 00 tillers).
Nueva Vizcaya also had a very low borer population until just before harvest. Samples of stubble taken immediately after harvest had more than 12 borersJ 100 tillers, indicating a high population. The Central Luzon Plain showed a low borer population right up to harvest time. Populations in the 2 months preceding harvest in Laguna were high (2.50 and 6.80 borersJIOO tillers).
The population in the Bicol reo gion in the 2 months preceding harvest also was high (3.03 and 3.87 borers! 100 tillers) .
In the dry season, sampling was confined to Isabela, Laguna, and the Bicol regions, as the sampling sites in the other areas were not planted.
Isabela had a very low borer population.
The infestation in Laguna and the Bicol region was considerably higher, but was much less than that in the wet season.
Relative A bundance of the Species.- Table 2 shows the relative abundance of the various borers in the monthly collections from the 5 regions.
In the wet season in Isabela, out of 192 borers collected from the standing crop (rice crop before harvest) T. incertulas comprised 56.3% followed by S. inferens at 24.4'fo.
However, after harvest (stubble, lower portion of stem about 10-80 em from base) the picture changed completely.
S. inferens was the most abundant borer followed by C. suppressalis and T. incertulas. Chilotraea polychrysa was also present, but in very small numbers.
In Nueva Vizeaya, T. incertulas was the In the dry season very few borers were collected from Isabela but more than 750/0 of these were C.
suppressalis.
In Laguna and the Bicol region, T. incertulas was the dominant species in the standing crop, and in Laguna it was abundant in the stubble, too. However, in the Bicol region, C. suppressalis was the dominant species in the stubble.
The monthly pattern of the relative abundance of the 4 species of borers in the 5 regions is illustrated in Fig. 2 . In the wet·season crop most of the increase in borer population in the 1st 3 months was due to T. incertulas. At this time C. suppressalis, S. interens, and Chilotmea polychrysa were quite rare. During the 4th month after the rice was transplanted all 4 species increased greatly. However, T. incertulas still comprised more than 750/0 of the borers. Immediately after harvest all species were at their peak abundance, but they declined sharply as the stubble dried. In the dry season crop, T. incertulas maintained a fairly high level throughout the cropping period. The other 3 species were very rare although Chilo suppressalis was abundant in the stubble.
The pattern of borer increase in the standing crop and its rapid decline in the stubble is demonstrated further in Fig. 3 , which shows the age structure of the ·1 species of borers. The presence of all immature stages in all the samples indicated that there was considerable overlapping of generations. In both cropping seasons the samples taken just before harvest showed a predominance of young borers. This predominance indicates that the populations of all the species were growing vigorously. It is fairly certain that this growth is maintained for some time even after harvest However, the samples taken immediately after harvest yielded relatively few young borers. The decrease was especially striking in the case of T. incertulas. The reason is that many of the egg masses laid before harvest were deposited on leaves near the tops of the plants-the part which is cut off with the panicle. Consequently, most of these Ist-and 2nd-instar borers feeding inside the upper part of the stem were not retrieved by our samples at the time of harvest. This loss of young borers in both seasons is demonstrated in Fig. 3 . The reason for greater loss in the case of T. incertulas is that this species is the most delicate, with respect to handling, of the 4 found in our collections, and the larvae tend to stay near the plant tips much more than other species (Fig. 2) . However, immediately after harvest the remaining borers of this species bore down into the basal parts of the stalks and can easily be missed in sampling. To avoid missing these borers in the stubble, we always cut the hill below the ground level.
DISCUSSION,-Not only is rice cultivation widespread on Luzon Island today, but it has been a leading crop for hundreds and even thousands of years. This probably accounts for the thorough distribution of borer species over the island. Of the 5 species reported from the island, Chilotmea polychrysa was the most recent one to be recognized (International Rice Research Institute 1962), but probably not because of its recent introduction, but rather because in the previous literature it was always confused with Chilo suppressalis, which it closely resembles (Pathak" 1966) . T. innotata has been reported from the island (Cendana and Calora ' 1963) , but is probably extremely scarce. Its larvae resemble T. incertulas and can easily be confused with it. However, the adults are easier to distinguish.
In our collections we did not find any specimens of this species.
The results given in Table I show that the pattern of abundance of the borers on rice is essentially the same in all regions. Samples taken 30 days after the rice was transplanted showed fairly high infestation. Samples at 60 days showed a decrease in the numbers of borers in the wet season. The borers on the crop increase steadily and reach a peak just before or immediately after harvest. It seems that small variations in climate have very litle effect on the overall abundance of the borers. The more critical aspect is the condition of the rice stand and whether it is irrig'ated. On the IRRI farm, with good water supply throughout the year, the borers are more abundant in the dry season than during the wet. The reason is that during the dry season the lack of cloud cover combined with the good water supply produces conditions under which the rice plant thrives and the borers are abundant. However, in areas where the supply of water is uncertain and inadequate, the crop is usually poor and the borers are less abundant.
The results of this study indicate that Laguna and the Bicol region were heavily attacked, while Isabela and Nueva Vizcaya had relatively small borer populations until just before harvest. In the Central Luzon Plain we found generally low infestation in the provinces of Pampanga, Bulacan, and Tarlac. However, infestation over some tracts of northwestern Nueva Ecija and Pangasinan was extremely severe. Instances were observed of the ripened crops showing 80,/,0 white heads.
The time of planting also seems to be an important factor in the abundance of the lJorers. Since the borer population increases with the age of the crop, it appears that transplanting a large area a little early or late would have no appreciable effects on the abundance of the borers. However, in places where, under irrigation, newly transplanted crops grow side by side with older crops in the reproductive stages, the picture becomes very different.
Under such con· ditions, infestation 011 the young'er crops is much more severe.
The relative abundance of the various species in the 5 regions was surprisingly similar despite vari· ations in climate.
In the wet·season standing crop, T. incertulas was the dominant species in all the reo gions, comprising 70.7% of the total borer population.
In the stubble it was much less abundant. C. suppres· salis and S. infel'ens were much more abundant in the stubble than in the standing crop. On the whole, the difference in borer incidence between the standing crop and the stubble within the regions was much greater than the difference among the regions them· selves. The reason is that the difference in the em·i· ronment between the standing crop and the stubble after harvest is probably much greater than that between any 2 sets of climatic regions on the island.
Of the 2877 borers collected during the 2 cropping seasons, 55.2% were T. incertulas; 30.3%, C. sllPpres. salis; 11.70/0, S. interens; and 2.80/0, Chilotraea polychrysa They considered that a similar situation, although less pronounced, exists in the Bicol region.
In the Cagayan River Valley in the north they reported that irrigation does not seem to influence the relative abundance of the borers in any way.
There is another way in which irrigation may be an important factor in the relative abundance of borer species. At the IRRI and UPCA farms, continuous cropping under irrigation brings about a situation in which, theoretically, the borers can reproduce and multiply equally well throug'hout the year. That the borers do not do so is shown by the fact that during February and March they become extremely scarce on these farms.
Their scarcity during this period, in spite of abundant food, strongly indicates the existence of some sort of a photoperiod-induced resting period.
Some of these borers have actually been reported to undergo a resting period during these months, but only in areas with a pronounced dry season and which have only I crop a year (Cendafia and Calora ' 1963) , It seems probable that on the IRRI and UPCA farms these borers undergo a resting period which is more pronounced for T. incertulas than for C. suppressalis.
This may be I reason why under continuous cropping the latter is more abundant than the former. The sampling in the present investig'ation was carried out on farms where no insecticides were used and irrigation water was not regularly available.
Consequently, the investigation does not throw any light on the extraordinary abundance of C. suppressalis on the IRRI and UPCA farms. I'IG. 3.-The age distribution of the larval instal's of the 4 species of the rice stem borers on Luzon, I)hilippincs. The 3 columns for each month represent, from left to right, the young-, middle-, and old-instal' larvae, respectively.
On Luzon Island Chilotmea polychrysa and S. inferens are too rare to cause any significant infestation of the crop. However, under special conditions, S. inferens is capable of increasing greatly in numbers as was observed in 2 areas in 1966. In Cuyapo, Nueva Ecija, in the Central Luzon Plain, and in Calamba, Laguna, 2 large-scale IRRI experiments were conducted with lindane for can trol of the stem borers. This insecticide has a very high kill for T. incertulas, Chilo suppressalis, and Chilolmea polychrysa, but is relatively ineffective against S. interens. Observations made in these fields showed that they were heavily infested with S. interens, which had built up high population densities. C. polychrysa has a wide distribution in Southeast Asia, but it is only on the Malayan peninsula that it supercedes other rice borers in damage to the rice crop (Koyama 1964) . The conditions in the Philippines that keep it under control are not known.
